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(57) ABSTRACT 

The invention includes; a method of modulating a level of 
chaperone protein, a method of modulating a level of 
ERP57, a method With decreased levels of chaperone pro 
teins, and a method of alleviating a symptom ofA1Zheimer’s 
disease. The methods include administering to a patient a 
substituted biphenylmethane compound. Preferably the 
compound is an analog to methoXychlor. More preferably 
the compound is methoXychlor. The invention also includes 
pharmaceutical compositions. The pharmaceutical compo 
sitions include substituted biphenylmethanes and a pharma 
ceutically acceptable carrier. Preferably the pharmaceutical 
compositions include methoXychlor analogs and a pharma 
ceutically acceptable carrier. More preferably the pharma 
ceutical compositions include methoXychlor and a pharma 
ceutically acceptable carrier. 
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AGENTS AND METHOD FOR INCREASEING 
BRAIN CHAPERONIN LEVELS 

[0001] This application claims priority to United State 
Provisional Application Serial No. 60/206,854, ?led on May 
24, 2000, entitled AGENTS AND METHODS FOR 
INCREASING BRAIN CHAPERONIN LEVELS, the dis 
closure of Which is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] Several models have been advanced to explain 
age-related physiological problems, such as loss in muscle 
mass, failure of the immune system, and decreases in 
cognitive skills. Such models include, for example, 
increased programmed cell death, i.e. apoptosis; accumula 
tion of oxidant damage; failure of the cell to maintain the 
telomeres at the ends of the chromosomes; and defects in 
responding to stress. The observed age-related defects in 
responding to stress may involve chaperone proteins. 

[0003] At the cellular level the most important stress 
proteins are the chaperones. Chaperones play an important 
role in cellular function. They help to realign proteins into 
their native state, thereby renaturing damaged proteins and 
aid the ?nal steps of protein folding by directing neWly 
synthesiZed proteins into their ?nal, optimal structure. Chap 
erones also help stabiliZe the ?nal protein product, such as 
by the formation of intra- and intermolecular disul?de 
bonds. One such family of chaperones is knoWn as thiol 
:protein disul?de oxidoreductases (TPDOs). Studies of the 
stress proteins and chaperones support the concept that 
many of the age-related functional declines are associated 
With decreases in the activity of the chaperone systems. 
Decreased levels and activity of chaperones can result in 
increased formation of improperly folded and insoluble 
masses of proteins. 

[0004] Insoluble masses, or plaques, of the [3-amyloid 
protein in the brain are found in AlZheimer’s disease 
patients. When the [3-amyloid precursor is inserted into the 
plasma membrane [3-amyloid protein is cleaved off of the 
precursor protein. [3-amyloid readily aggregates in physi 
ological solutions forming plaques. This aggregation is not 
observed for the cerebrospinal ?uid of a non-AlZheimer’s 
patient. This indicates that normal cerebrospinal ?uid con 
tains a component that prevents [3-amyloid aggregation and 
thereby the formation of plaques associated With AlZhe 
imer’s disease. In an effort to determine the identity of this 
component, Which is associated With AlZheimer’s disease, a 
[3-amyloid chaperone protein complex Was isolated. This 
complex Was analyZed to determine the identity of the 
chaperone. It Was discovered that the chaperone protein that 
Was complexing With the [3-amyloid Was ERP57. The levels 
of ERP57 play a role in AlZheimer’s disease and other 
related diseases. This is described in PCT Application No. 
99/25593 Which is incorporated herein by reference. 

[0005] Accordingly there remains a need for methods of 
increasing chaperone protein levels. 

SUMMARY OF THE INVENTION 

[0006] The present invention generally relates to a method 
of increasing chaperone protein levels. The method includes 
administering a substituted biphenylmethane compound, or 
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a pharmaceutical composition including this compound, to a 
patient. Preferably, the compound is methoxychlor or a 
methoxychlor analog. The chaperone protein of interest is 
one of the stress proteins, preferably one of the family of 
thiol:protein disul?de oxidoreductase (TPDO), more pref 
erably ERP57. 

[0007] The present invention also includes a method of 
treating or alleviating symptoms of AlZheimer’s disease. 
The method includes administering a substituted biphenyl 
methane compound or a pharmaceutical composition of the 
compound that is chosen due to its ability to increase ERP57 
levels. The present invention also includes methods to treat 
other diseases that relate to levels of chaperone proteins 
present in the patient. This includes diseases such as diabetes 
mellitus, hypertension, heart failure, decreased immune 
function, and the like. 

[0008] The present invention also includes pharmaceutical 
compositions. The pharmaceutical compositions of the 
present invention include a substituted biphenylmethane 
compound and a pharmaceutically acceptable carrier. Pref 
erably the pharmaceutical composition includes a methoxy 
chlor analog and a pharmaceutically acceptable carrier. 
More preferably the pharmaceutical composition includes 
methoxychlor and a pharmaceutically acceptable carrier. 
These pharmaceutical compositions can be used to modulate 
levels of chaperone proteins, such as ERP57. These phar 
maceutical compositions can also be used to treat or allevi 
ate the symptoms of AlZheimer’s disease. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] FIG. 1 illustrates levels of ERP57 as a function of 
methoxychlor dosage. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0010] The present invention relates to methods of 
increasing levels of the chaperone protein ERP57 via admin 
istration of methoxychlor or a methoxychlor analog, meth 
ods of increasing levels of other chaperone proteins via 
administration of methoxychlor or a methoxychlor analog, 
methods of treating or alleviating a symptom of AlZheimer’s 
disease, methods of treating diseases that similarly rely on 
levels of chaperone proteins, methods of preventing AlZhe 
imer’s disease, methods of preventing diseases that similarly 
rely on levels of chaperone proteins, pharmaceutical com 
positions capable of increasing a chaperone protein, such as 
ERP57, levels, and pharmaceutical compositions. In particu 
lar, the present invention is directed to a method of increas 
ing or stabiliZing levels of the chaperone protein ERP57 by 
administering methoxychlor, 

[0011] AlZheimer’s Disease and [3-Amyloid 

[0012] AlZheimer’s disease includes the formation of 
[3-amyloid plaques in the brains of subjects afflicted With the 
disease. The plaques form from aggregates of [3-amyloid, 
Which form from cleavage of the amyloid precursor protein 
and secretion into the intercellular space. [3-amyloid freely 
aggregates in solution in laboratory systems and forms 
aggregates similar to the plaques formed in AlZheimer’s 
disease. 
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[0013] Amyloid precursor protein, [3-amyloid, and various 
fragments of [3-amyloid have been characterized. KnoWn 
features of amyloid precursor protein and [3-amyloid include 
mammalian genes encoding them, recombinant expression 
systems (eg vectors, plasmids, and the like) for these 
proteins, methods of producing these proteins, protein 
sequences and structures, and proteases that cleave the 
amyloid precursor to [3-amyloid. 

[0014] [3-amyloid can be made and/or isolated in a variety 
of forms. The most prevalent form of [3-amyloid in mam 
malian tissues is [3-amyloid 142, Where the numbering 
represents the number of amino acids starting at the amino 
terminus of complete [3-amyloid, Which has from 3843 
amino acids. The second most prevalent form of [3-amyloid 
in mammalian tissues is [3-amyloid 1-38. 

[0015] [3-amyloids have been produced by chemical and/ 
or biotechnical methods, characteriZed, and shoWn to have 
many of the properties of complete [3-amyloid. [3-amyloid as 
used herein refers to all of the various forms of [3-amyloid, 
including glycosylated, nonglycosylated, forms of various 
lengths, and the like. 

[0016] Chaperones 
[0017] Chaperones (also knoWn as chaperone proteins, 
and including chaperonins and certain heat shock proteins) 
catalyZe folding, formation of tertiary structure, formation of 
quaternary structure, and/or other processing necessary to 
make an active protein. As described herein, several chap 
erones can decline in level With age and can be correlated 
With age-related diseases and disorders. In particular, tissue 
levels of one or more of the chaperones BiP, calreticulin, 
calnexin, ERp72, ERP57, and ERpSS can decrease With age 
of a mammal, such as a rodent or a human, and can correlate 
With a disease. 

[0018] Chaperones include a family knoWn as a thiol:pro 
tein disul?de oxidoreductase (TPDO). ATPDO represents a 
preferred chaperone of the present invention. A preferred 
TPDO is TPDO-ERP57. TPDO-ERP57 has also been called 
ERp57, ERp60, ERp61, and GRp58. As used herein, ERP57 
refers to any of the common names for this protein, includ 
ing TPDO-ERP57, ERp57,, ERp60, ERp61, and GRp58 and 
all naturally occurring variant forms of this protein, includ 
ing glycosylated and nonglycosylated forms. 

[0019] Chaperones, such as ERP57, are in general, Well 
studied and/or characteriZed proteins. Well characteriZed 
features of numerous chaperones, such as ERP57, include 
the genes encoding them in organisms ranging from Worms 
to humans, recombinant expression systems (eg vectors, 
plasmids, and the like) for these proteins, methods of 
producing these proteins, protein sequences and structures, 
certain protein substrates, and certain biological functions. 
Chaperones, such as ERP57, have previously been observed 
to decrease With the age of a mammal and have been 
implicated in AlZheimer’s disease or formation of [3-amyloid 
plaques. 

[0020] A Complex of Chaperone ERP57 and [3-amyloid 

[0021] Although other chaperones may be present in cere 
brospinal ?uid, only ERP57 has been identi?ed in cere 
brospinal ?uid. ERP57 levels can decrease relative to nor 
mal ERP57 levels in mammalian tissue With age. The term 
“normal ERP57 levels” as used herein includes the mean 
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concentration of ERP57 that can typically be found in 
cerebrospinal ?uid from a control population. Suitable con 
trol populations include, for example, young people, elderly 
people Without AlZheimer’s disease, and the like. A level of 
ERP57 measured in three control populations is about 2712 
ng/ml. 

[0022] ERP57 can form a complex With [3-amyloid. This 
complex can be isolated from cerebrospinal ?uid. ERP57 
and [3-amyloid are believed to form a strongly bound com 
plex. For instance, immunoblots evidence very little disso 
ciation of the complex. The complex of ERP57 and [3-amy 
loid is believed to be an intermediate in normal processing 
of amyloid precursor proteins in subjects not suffering from 
AlZheimer’s disease. A decrease in the level of ERP57 
relative to normal ERP57 levels in an aging animal can lead 
to decreased amounts of the complex and increased amounts 
of free [3-amyloid. Increased amounts of free [3-amyloid can 
give rise to increased deposition of amyloid plaques that are 
associated With AlZheimer’s disease. 

[0023] The complex of ERP57 and [3-amyloid can be 
isolated from cerebrospinal ?uid, puri?ed, and characteriZed 
by common methods of protein chemistry. For example, the 
complex can be isolated and/or puri?ed by af?nity chroma 
tography With a system having affinity for one or either of 
ERP57 or [3-amyloid. The complex can then be further 
puri?ed by other forms of chromatography, such as separa 
tion on a Sephacryl column and/or a monoQ column. 
FolloWing isolation and/or puri?cation, the complex can be 
characteriZed by employing standard methods such as pep 
tide mapping, sequencing, the PAS reaction (periodic acid 
Schiff reaction), and matrix assisted laser desorption ioniZa 
tion-time of ?ight mass spectrometry (MALDI-TOF). 

[0024] The complex of ERP57 and [3-amyloid can be 
glycosylated in natural systems. Under most circumstances 
outside the complex, neither ERP57 nor [3-amyloid appear to 
be glycosylated. Typically the complex is glycosylated, for 
example, N-glycosylated on an asparagine residue (e.g. 
asparagine 27) With a complex oligosaccharide. 

[0025] Detecting ERP57 Levels 

[0026] The complex of ERP57 and [3-amyloid and the 
unbound components ERP57 and [3-amyloid can be detected 
by methods knoWn for detecting proteins, sugars, and/or 
glycosylated proteins. The complex has a molecular Weight 
of about 62 kD on gently or moderately denaturing gel 
electrophoresis and is recogniZed by antibodies to either 
ERP57 or [3-amyloid. Polyclonal or monoclonal antibodies 
recogniZing either ERP57 or [3-amyloid are knoWn in the art 
and can be produced by standard methods. Such antibodies 
can be labeled or otherWise employed in standard immu 
noassays. Preferred standard immunoassays include ELISA 
assays, immunoblots, sandWich assays, enhanced chemilu 
minescence, and the like. Additional methods for detecting 
the complex or its unbound components include ?uores 
cence polariZation assay, standard protein puri?cation by 
column and affinity chromatography, proteolytic cleavage 
folloWed by Edman degradation analysis, and time-of-?ight 
mass spectrometry (e.g. MALDI-TOF). 

[0027] Methods for detecting ERP57 levels in biological 
samples can be employed in a method for detecting, deter 
mining, examining, diagnosing, screening for, or otherWise 
assessing a patient’s or subject’s susceptibility to AlZhe 
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imer’s disease. The term “susceptibility to AlZheimer’s 
disease” as used herein includes the presence or absence of 
AlZheimer’s disease, of symptoms of this disease, of factors 
leading to or associated With this disease, of a likelihood of 
developing this disease in a subject or patient, and the like. 
“Susceptibility to AlZheimer’s disease” can also be de?ned 
in terms of a level of ERP57 beloW that found in a control 
population. As used herein, factors leading to or associated 
With this disease include formation of [3-amyloid plaques, 
disorders in processing of [3-amyloid precursor protein, and 
the like. 

[0028] As used herein biological samples include biologi 
cal material such as a tissue, cell, or ?uid sample from an 
animal or human in need of being screened for or suspected 
of being susceptible to or suffering from deposition of 
[3-amyloid plaques, disorders in processing of amyloid pre 
cursor protein, AlZheimer’s disease, likelihood of develop 
ing AlZheimer’s disease, and the like. Biological samples 
can also include laboratory samples from an experimental 
animal, cell, or culture being examined for their propensity 
to form [3-amyloid plaques or aggregates or to improperly 
process amyloid precursor protein. Biological sample can 
further include a system designed to express a chaperone 
protein, such as ERP57, that can be used to study or monitor 
levels of a chaperone, such as ERP57, and related effects. 
The biological sample including, for example, tissues or 
cells, such as liver, platelets, serum, or skin, can be recov 
ered from a living animal or patient by methods such as 
needle biopsy, venapuncture, or skin scraping. In one aspect 
of the invention, the biological sample includes biological 
material from the central nervous system of a human or an 
animal. A preferred biological sample includes biological 
material from cerebrospinal ?uid for assessing the suscep 
tibility to AlZheimer’s disease in living animals or patients. 
Cerebrospinal ?uid can be recovered by spinal tap, during 
surgical procedures, or by any of the variety of methods 
knoWn to those of skill in the art. 

[0029] Modulating Levels of a Chaperone 

[0030] Decline in ERP57 Levels 

[0031] Generally the decline in ERP57 levels relative to 
normal ERP57 levels correlates to the susceptibility to 
AlZheimer’s disease. The level of ERP57 includes the level 
of free ERP57 in the biological sample, the level of ERP57 
bound in complex With [3-amyloid, the levels of free ERP57 
plus bound ERP57, and preferably total ERP57. A decline in 
the ERP57 level correlates to an increased susceptibility to 
AlZheimer’s disease. An increased susceptibility, as used 
herein, refers to it being more probable than not that 
AlZheimer’s disease, at least one symptom of the disease, at 
least one factor leading to or associated With this disease, 
likelihood of developing this disease, or the like is present 
in a patient or subject. The decline in ERP57 can be 
determined relative to a previous level in a subject. 

[0032] An increased susceptibility to AlZheimer’s disease 
can also be de?ned in terms of a level of chaperone protein 
that is less than that found in a control population. For 
example, in one embodiment a decline in ERP57 level of at 
least 35% relative to a normal ERP57 level correlates With 
a 100% likelihood of developing AiZheimer’s disease. In 
another embodiment, the aggregation of [3-amyloid in an 
animal or human can be detected by determining the level of 
ERP57 in the biological sample. A decline in ERP57 levels 

Nov. 20, 2003 

relative to normal ERP57 levels correlates to and indicates 
an increased susceptibility to an increase in [3-amyloid 
aggregation. By detecting the aggregation of [3-amyloid, the 
formation of [3-amyloid plaques is also detected. 

[0033] The susceptibility to AlZheimer’s disease may also 
be determined by correlating the level of free ERP57, the 
level of [3-amyloid, and the level of ERP57: [3-amyloid in 
complex. A relevant decline in ERP57 levels relative to 
normal ERP57 levels includes a decline of about 35%, 
preferably about 50%, more preferably about 65%. Such a 
relevant decline correlates to an increased susceptibility to 
AlZheimer’s disease, for example, to factors leading to or 
associated With AlZheimer’s disease, particularly [3-amyloid 
plaque formation; to AlZheimer’s disease; to symptoms 
associated With AlZheimer’s disease; to developing AlZhe 
imer’s disease; or the like. 

[0034] The decline in ERP57 levels relative to normal 
ERP57 levels can be correlated With symptoms character 
istic of AlZheimer’s disease by comparing ERP57 levels 
With neuropsychiatric function measurements or MRI. Neu 
ropsychiatric function measurements can be made by con 
ducting, for example, a neuropsychiatric evaluation, a com 
plete history, and a physical examination and evaluating this 
information based on criteria de?ned by, for example, 
DSMIII-R and NinCDS-ADRDA. MRI can be conducted by 
methods knoWn to those of skill in the art. The decline can 
also be correlated With ERP57 levels beloW that of a control 
population. 

[0035] Increasing levels of ERP57 therefore can have a 
bene?cial effect on AlZheimer’s disease and its related 
symptoms. Modulating levels of ERP57 could either be 
accomplished by administering ERP57 directly or by admin 
istering a compound that serves to increase the natural 
production of ERP57. ERP57 levels can be enhanced by 
administration of a suitable compound, or a pharmaceutical 
composition including a suitable compound. The present 
invention utiliZes substituted biphenylmethane compounds 
to increase the levels of chaperone protein, such as ERP57. 
Preferably the compounds are substituted biphenylmethane 
compounds that are also methoxychlor analogs. More pref 
erably, methoxychlor is administered in order to increase the 
level of ERP57. 

[0036] Decline in Chaperone Protein Levels 

[0037] A decline in level of a chaperone protein, relative 
to normal levels of the chaperone protein can also correlate 
With a susceptibility to AlZheimer’s disease. The level of 
chaperone protein includes the level of free chaperone 
protein in the biological sample, the level of chaperone 
protein bound in complex With [3-amyloid, the levels of free 
chaperone protein plus bound chaperone protein, and pref 
erably total chaperone protein. A decline in the chaperone 
protein level correlates to an increased susceptibility to 
AlZheimer’s disease. 

[0038] An increased susceptibility to AtZheimer’s disease 
can be de?ned in terms of a level of chaperone protein that 
is less than that found in a control population. For example, 
in one embodiment a decline in chaperone protein level of 
at least 35% relative to a normal chaperone protein level 
correlates With a 100% likelihood of developing AlZhe 
imer’s disease. In another embodiment, the aggregation of 
[3-amyloid in an animal or human can be detected by 
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determining the level of chaperone protein in the biological 
sample. A decline in chaperone protein levels relative to 
normal chaperone protein levels correlates to and indicates 
an increased susceptibility to an increase in [3-amyloid 
aggregation. By detecting the aggregation of [3-amyloid, the 
formation of [3-amyloid plaques is also detected. 

[0039] Susceptibility to AlZheimer’s disease can also be 
determined by correlating the level of free chaperone pro 
tein, the level of [3-amyloid, and the ratio of chaperone 
protein:[3-amyloid in complex. A relevant decline in chap 
erone protein levels relative to normal chaperone protein 
levels includes a decline of about 35%, preferably about 
50%, more preferably about 65%. Such a relevant decline 
correlates to an increased susceptibility to AlZheimer’s dis 
ease, for example, to factors leading to or associated With 
AlZheimer’s disease, particularly [3-amyloid plaque forma 
tion; to AlZheimer’s disease; to symptoms associated With 
AlZheimer’s disease; to developing AlZheimer’s disease; or 
the like. 

[0040] The decline in chaperone protein levels relative to 
normal chaperone protein levels can be correlated With 
symptoms characteristic of AlZheimer’s disease by compar 
ing chaperone protein levels With neuropsychiatric function 
measurements. Neuropsychiatric function measurements 
can be made by conducting, for example, a neuropsychiatric 
evaluation, a complete history, and a physical examination 
and evaluating this information based on criteria de?ned by, 
for example, DSMIII-R and NinCDS-ADRDA. The decline 
can also be correlated With chaperone protein levels beloW 
that of a control population. 

[0041] Increasing levels of chaperone protein therefore 
can have a bene?cial effect on AlZheimer’s disease and its 
related symptoms. Altering levels of chaperone protein 
could either be accomplished by administering chaperone 
protein directly or by administering a compound that serves 
to increase the natural production of chaperone protein. 
Chaperone protein levels can be enhanced by administration 
of a suitable compound, or a pharmaceutical composition 
including a suitable compound. The present invention uti 
liZes substituted biphenylmethane compounds to increase 
the levels of chaperone protein, such as ERP57. Preferably 
the compounds are substituted biphenylmethane compounds 
that are also methoxychlor analogs. More preferably, meth 
oxychlor is administered in order to increase the level of 
ERP57. 

[0042] Increase in Levels of a Chaperone Protein 

[0043] As mentioned above, an increase in level of a 
chaperone protein, such as ERP57, correlates to the preven 
tion, treatment, or reduction of symptoms of AlZheimer’s 
disease. An increase in level of a chaperone protein, such as 
ERP57, includes an increase in the level of free chaperone 
protein, such as ERP57, in the biological sample, an increase 
in the level of chaperone protein, such as ERP57, bound in 
complex With [3-amyloid, an increase in the level of free 
chaperone protein, plus bound chaperone protein, and pref 
erably an increase in total level of chaperone protein, such 
as ERP57. 

[0044] Prevention, treatment, or reduction of symptoms of 
AlZheimer’s disease, as used herein, results from adminis 
tration of an “effective amount” of a suitable compound. An 
“effective amount” is an amount sufficient to prevent, treat, 
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reduce and/or ameliorate the symptoms and/or underlying 
causes of any of AlZheimer’s disease, for example, by 
increasing a level of a chaperone protein, such as ERP57. In 
some instances, an “effective amount” is sufficient to elimi 
nate the symptoms of those diseases and, perhaps, overcome 
the disease itself. In the context of the present invention, the 
terms “treat” and “therapy” and the like refer to alleviate, 
sloW the progression, prophylaxis, attenuation or cure of 
existing disease. Prevent, as used herein, refers to putting 
off, delaying, sloWing, inhibiting, or otherWise stopping, 
reducing or ameliorating the onset of such brain diseases or 
disorders. It is preferred that a large enough quantity of the 
compound be administered at non-toxic levels to provide an 
effective level of activity Within the body of the treated 
mammal. The methods and compositions of the present 
invention may be used With any mammal. Exemplary mam 
mals include, but are not limited to rats, cats, dogs, horses, 
coWs, sheep, pigs, and more preferably humans. 

[0045] In one embodiment, an increase in level of a 
chaperone protein, such as ERP57, so that the levels are 
Within 40% of the levels found in a control population 
correlates With treatment or prevention of AlZheimer’s dis 
ease. Preferably an increase in a chaperone protein level, 
such as ERP57 to Within 20% of the levels found in a control 
population correlates With treatment or prevention of AlZhe 
imer’s disease. More preferably, an increase in a chaperone 
protein level, such as ERP57 to Within 10% of the level 
found in a control population correlates With treatment or 
prevention of AlZheimer’s disease. 

[0046] In another embodiment, raising the level of ERP57 
to Within 40% of 27 ng/ml correlates With treatment or 
prevention of AlZheimer’s disease. Preferably, raising the 
level of ERP57 to Within 20% of 27 ng/ml correlates With 
treatment or prevention of AlZheimer’s disease. More pref 
erably, raising the level of ERP57 to Within 10% of 27 ng/ml 
correlates With treatment or prevention of AlZheimer’s dis 
ease. 

[0047] In yet another embodiment, the aggregation of 
[3-amyloid in an animal or human can be detected by 
determining the level of ERP57 in the biological sample. An 
increase in the level of chaperone proteins, such as ERP57 
relative to the levels in a person Who is susceptible to 
AlZheimer’s disease indicates a decreased susceptibility to 
[3-amyloid aggregation. By detecting the aggregation of 
[3-amyloid, the formation of [3-amyloid plaques is also 
detected. Therefore, this correlates With the treatment or 
prevention of AlZheimer’s disease. 

[0048] The treatment and prevention of AlZheimer’s dis 
ease can also be monitored by correlating the level of free 
chaperone protein, such as ERP57, the level of [3-amyloid, 
and the level of chaperone protein (ERP57):[3-amyloid in 
complex. A relevant increase in a chaperone protein level, 
such as ERP57, relative to the level of chaperone protein, 
such as ERP57, seen in patients susceptible to AlZheimer’s 
disease includes an increase of 10%, preferably about 20%, 
more preferably about 40% compared to levels before 
treatment. Another measure of the relevant levels of chap 
erone proteins, such as ERP57, is that they are Within 20% 
of the levels found in a control population. Further, the 
relevant levels of ERP57 could be characteriZed as being 
Within 20% of 27 ng/ml. Such a relevant increase correlates 
to treatment or prevention of AlZheimer’s disease, for 
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example, to factors leading to or associated With AlZhe 
imer’s disease, particularly [3-amyloid plaque formation; to 
symptoms associated With AlZheimer’s disease; to AlZhe 
imer’s disease; to developing AlZheimer’s disease or the 
like. 

[0049] The increase in chaperone proteins, such as ERP57, 
in a patient Who is susceptible to AlZheimer’s disease can be 
correlated With the alleviation of symptoms characteristic of 
AlZheimer’s disease by comparing a level of a chaperone 
protein, such as ERP57, With neuropsychiatric function 
measurements. 

[0050] Neuropsychiatric function measurements can be 
made by conducting, for example, a neuropsychiatric evalu 
ation, a complete history, a physical examination, an MRI, 
or the like, and then evaluating this information based on 
criteria de?ned by, for example, DSMIII-R and NinCDS 
ADRDA. The alleviation of symptoms characteristic of 
AlZheimer’s disease can also be correlated With chaperone 
protein levels beloW that of a control population. Methods of 
the invention also contemplate the alleviation of symptoms 
of other disorders associated With decreased levels of chap 
erone proteins. 

[0051] In some instances, individuals Who have a level of 
a chaperone protein, such as ERP57, of about normal can 
also be susceptible to AlZheimer’s disease. 

[0052] For example, individuals having a normal level of 
a chaperone protein, such as ERP57, but an apoE4 allele 
have an increased susceptibility to AlZheimer’s disease. 
There may be other risk factors for AlZheimer’s disease that 
result in an increased susceptibility to AlZheimer’s disease in 
the presence of a normal level of a chaperone protein, such 
as ERP57. 

[0053] Substituted Biphenylmethane Compounds for 
Increasing ERP57 

[0054] Concentration 

[0055] Suitable compounds for the method of the present 
invention include substituted biphenylmethane compounds 
of formula I beloW. 

(1) 

[0056] Examples of suitable substituents for R1, R2, and 
R are hydrogen, hydroxy, alkyl, hydroxyalkyl, cycloalkyl, 
alkoxy, cycloalkoxy, carboxyalkyl, acyl, acyloxyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, cycloalkyl 
or aryl group), acyloxy, aryl, —OSO2R5 (Where R5 is an 
alkyl, cycloalkyl or aryl group), halogen, or haloalkyl. The 
R1 and R2 substituents may themselves be substituted With 
functional groups such as a hydroxy, halogen, or amine. 

[0057] Preferably, R1 is hydroxy, halogen, hydroxyalkyl, 
or haloalkyl. More preferably, R1 is ?uoroalkyl, chloralkyl, 
bromoalkyl, or iodoalkyl. Most preferably, R1 is trichlorom 
ethyl. 
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[0058] Preferably, R2 and R3 are independently hydrogen, 
alkyl, halogen, haloalkyl, hydroxy, alkoxy, or cycloalkoxy. 
More preferably, R2 and R3 are alkoxy substituents. Most 
preferably, R2 and R3 are both methoxy groups. 

[0059] Methoxychlor 
[0060] A preferred substituted biphenylmethane com 
pound for use in the methods of the present invention is 
methoxychlor, 1,1,1-trichloro-2,2-bis-(4-methoxyphenyl)e 
thane (Formula II beloW). 

cc13 

<11) 

[0061] Methoxychlor is a member of the family of orga 
nochloride insecticides, Which includes methoxychlor ana 
logs. Such methoxychlor analogs include DDT [1,1,1 
trichloro—2,2-bis-(4-chlorophenyl)ethane], perthane [1,1 
dichloro—2,2-bis-(4-ethylphenyl)ethane], and DFDT [1,1,1 
trichloro-2,2-bis-(4-?uorophenyl)ethane]. The 
organochlorine insecticides have been used since 1939. 

[0062] Methoxychlor is generally considered safer than 
DDT because of the loWered level of bioaccumulation. 
Methoxychlor is considered one of the safest of all insecti 
cides, With a rat oral LD5O of >6000 mg/kg. It is used Widely 
in the home garden, for control of insect pests of vegetables 
and fruits, and for the control of bark beetles that are vectors 
of Dutch elm disease. 

[0063] Pharmaceutical Compositions 

[0064] Increases in the amount of a chaperone protein, 
such as ERP57 to a therapeutically effective level may be 
obtained via administration of a pharmaceutical composition 
including a therapeutically effective dose of a suitable 
substituted biphenylmethane compound as described above. 
“Therapeutically effective dose” is intended to mean a dose 
of the compound that achieves the desired goal of increasing 
the amount of ERP57 protein. The increase in ERP57 can 
either be measured relative to the level in the patient before 
administration or as a goal of reaching a desired level of 
ERP57. A desired level of ERP57 protein can be character 
iZed as a level that is sufficient to either decrease, or inhibit 
plaque formation Within the brain. The level could also be 
characteriZed as one that is sufficient to reduce or inhibit the 

display of symptoms commonly associated With plaque 
formation Within the brain. The level could also be charac 
teriZed as one that is sufficient to reduce the susceptibility of 
a patient to AlZheimer’s disease. 

[0065] The invention is directed to a composition that can 
be employed to increase the concentration of chaperone 
proteins, such as ERP57. The composition can include, for 
example, any pharmaceutically acceptable additive, carrier, 
or adjuvant that is suitable for administering an agent to a 
mammal. Preferably, the pharmaceutical composition can be 
employed in diagnosis, prevention, or treatment of a disease, 
disorder, or injury that relates to chaperone levels in a 
patient. Preferably, the composition includes an agent in 
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combination With a pharmaceutical carrier, additive, and/or 
adjuvant that can promote the transfer of the compound 
Within or throughout the patient. 

[0066] The composition typically contains a pharmaceu 
tically acceptable carrier mixed With the agent and other 
components in the pharmaceutical composition. By “phar 
maceutically acceptable carrier” is intended a carrier that is 
conventionally used in the art to facilitate the storage, 
administration, and/or the healing effect of the agent. A 
carrier may also reduce any undesirable side effects of the 
agent. A suitable carrier should be stable, i.e., incapable of 
reacting With other ingredients in the formulation. It should 
not produce signi?cant local or systemic adverse effect in 
recipients at the dosages and concentrations employed for 
treatment. A pharmaceutically acceptable carrier of the 
present invention is one that is suitable for human admin 
istration and does not include compounds that are utiliZed in 
animal toxicological studies. Such carriers are generally 
knoWn in the art. 

[0067] Suitable carriers for this invention include those 
conventionally used such as albumin, gelatin, collagen, 
polysaccharide, monosaccharides, polyvinylpyrrolidone, 
polylactic acid, polyglycolic acid, polymeric amino acids, 
?xed oils, ethyl oleate, liposomes, glucose, sucrose, lactose, 
mannose, dextrose, dextran, cellulose, mannitol, sorbitol, 
polyethylene glycol (PEG), and the like. 

[0068] Water, saline, aqueous dextrose, and glycols are 
preferred liquid carriers, particularly (When isotonic) for 
solutions. The carrier can be selected from various oils, 
including those of petroleum, animal, vegetable or synthetic 
origin, for example, peanut oil, soybean oil, mineral oil, 
sesame oil, and the like. Suitable pharmaceutical excipients 
include starch, cellulose, talc, glucose, lactose, sucrose, 
gelatin, malt, rice, ?our, chalk, silica gel, magnesium stear 
ate, sodium stearate, glycerol monostearate, sodium chlo 
ride, dried skim milk, glycerol, propylene glycol, Water, 
ethanol, and the like. The compositions can be subjected to 
conventional pharmaceutical expedients, such as steriliZa 
tion, and can contain conventional pharmaceutical additives, 
such as preservatives, stabiliZing agents, Wetting, or emul 
sifying agents, salts for adjusting osmotic pressure, buffers, 
and the like. 

[0069] Other acceptable components in the composition 
include, but are not limited to, buffers that enhance isoto 
nicity such as Water, saline, phosphate, citrate, succinate, 
acetic acid, and other organic acids or their salts. Typically, 
the pharmaceutically acceptable carrier also includes one or 
more stabiliZers, Teducing agents, anti-oxidants and/or anti 
oxidant chelating agents. The use of buffers, stabiliZers, 
reducing agents, anti-oxidants and chelating agents in the 
preparation of protein based compositions, particularly phar 
maceutical compositions, is Well-knoWn in the art. See, 
Wang et al., “Review of Excipients and pHs for Parenteral 
Products Used in the United States. ” J. Parent. DrugAssn., 
34(6):452-462 (1980); Wang et al., “Parenteral Formula 
tions of Proteins and Peptides." Stability and Stabilizers, ” J. 
Parent. Sci. and Tech., 42:S4-S26 (Supplement 1988); Lach 
man, et al., “Antioxidants and Chelating Agents as Stabiliz 
ers in Liquid Dosage Forms-Part 1, ”Drug and Cosmetic 
Industry, 102(1): 36-38, 40 and 146-148 (1968); Akers, M. 
J ., “Antioxidants in Pharmaceutical Products, ” J. Parent. 

Sci. and Tech., 36(5):222-228 (1988); and Methods in EnZy 
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mology, Vol. XXV, ColoWick and Kaplan eds., “Reduction 
of Disul?de Bonds in Proteins with Dithiothreitol,” by 
Konigsberg, pages 185-188. 

[0070] Suitable buffers include acetate, adipate, benZoate, 
citrate, lactate, maleate, phosphate, tartarate, borate, tri(hy 
droxymethyl aminomethane), succinate, glycine, histidine, 
the salts of various amino acids, or the like, or combinations 
thereof. See Wang (1980) at page 455. Suitable salts and 
isotonici?ers include sodium chloride, dextrose, mannitol, 
sucrose, trehalose, or the like. Where the carrier is a liquid, 
it is preferred that the carrier is hypotonic or isotonic With 
oral, conjunctival or dermal ?uids and have a pH Within the 
range of 4.5-8.5. Where the carrier is in poWdered form, it 
is preferred that the carrier is also Within an acceptable 
non-toxic pH range. 

[0071] Suitable reducing agents, Which maintain the 
reduction of reduced cysteines, include dithiothreitol (DTT 
also knoWn as Cleland’s reagent) or dithioerythritol at 
0.01% to 0.1% Wt/Wt; acetylcysteine or cysteine at 0.1% to 
0.5% (pH 2-3); and thioglycerol at 0.1% to 0.5% (pH 3.5 to 
7.0) and glutathione. See Akers (1988) at pages 225 to 226. 
Suitable antioxidants include sodium bisul?te, sodium 
sul?te, sodium metabisul?te, sodium thiosulfate, sodium 
formaldehyde sulfoxylate, and ascorbic acid. See Akers 
(1988) at pages 225. Suitable chelating agents, Which che 
late trace metals to prevent the trace metal catalyZed oxi 
dation of reduced cysteines, include citrate, tartarate, ethyl 
enediaminetetraacetic acid (EDTA) in its disodium, 
tetrasodium, and calcium disodium salts, and diethylenetri 
amine pentaacetic acid (DTPA). See e.g., Wang (1980) at 
pages 457-458 and 460461, and Akers (1988) at pages 
224-227. 

[0072] The composition can include one or more preser 
vatives such as phenol, cresol, paraminobenZoic acid, 
BDSA, sorbitrate, chlorhexidine, benZalkonium chloride, or 
the like. Suitable stabiliZers include carbohydrates such as 
threlose or glycerol. The composition can include a stabi 
liZer such as one or more of microcrystalline cellulose, 
magnesium stearate, mannitol, sucrose to stabiliZe, for 
example, the physical form of the composition; and one or 
more of glycine, arginine, hydrolyZed collagen, or protease 
inhibitors to stabiliZe, for example, the chemical structure of 
the composition. Suitable suspending agents include car 
boxymethyl cellulose, hydroxypropyl methylcellulose, 
hyaluronic acid, alginate, chondroitin sulfate, dextran, mal 
todextrin, dextran sulfate, or the like. The composition can 
include an emulsi?er such as polysorbate 20, polysorbate 80, 
pluronic, triolein, soybean oil, lecithins, squalene and 
squalanes, sorbitan treioleate, or the like. The composition 
can include an antimicrobial such as phenylethyl alcohol, 
phenol, cresol, benZalkonium chloride, phenoxyethanol, 
chlorhexidine, thimerosol, or the like. Suitable thickeners 
include natural polysaccharides such as mannans, arabinans, 
alginate, hyaluronic acid, dextrose, or the like; and synthetic 
ones like the PEG hydrogels of loW molecular Weight and 
aforementioned suspending agents. 

[0073] The composition can include an adjuvant such as 
cetyl trimethyl ammonium bromide, BDSA, cholate, deoxy 
cholate, polysorbate 20 and 80, fusidic acid, or the like, and 
in the case of DNA delivery, preferably, a cationic lipid. 
Suitable sugars include glycerol, threose, glucose, galactose 
and mannitol, sorbitol. A suitable protein is human serum 
albumin. 
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[0074] Preferred compositions include one or more of a 
solubility enhancing additive, preferably a cyclodextrin; a 
hydrophilic additive, preferably a mono or oligosaccharide; 
an absorption promoting additives, preferably a cholate, a 
deoxycholate, a fusidic acid, or a chitosan; a cationic sur 

factant, preferably a cetyl trimethyl ammonium bromide; a 
viscosity enhancing additive, preferably to promote resi 
dence time of the composition at the site of administration, 
preferably a carboxymethyl cellulose, a maltodextrin, an 
alginic acid, a hyaluronic acid, or a chondroitin sulfate; or a 
sustained release matrix, preferably a polyanhydride, a poly 
orthoester, a hydrogel, a particulate sloW release depo sys 
tem, preferably a polylactide co-glycolides (PLG), a depo 
foam, a starch microsphere, or a cellulose derived buccal 
system; a lipid based carrier, preferably an emulsion, a 
liposome, a niosomes, or a micelles. The composition can 
include a bilayer destabiliZing additive, preferably a phos 
phatidyl ethanolamine; a fusogenic additive, preferably a 
cholesterol hemisuccinate. 

[0075] Other preferred compositions for sublingual 
administration include employing a bioadhesive to retain the 
agent sublingually; a spray, paint, or sWab applied to the 
tongue; retaining a sloW dissolving pill or loZenge under the 
tongue; or the like. Administration of agent through the skin 
can be accomplished by a variety of methods knoWn to those 
of skill in the art for transdermal delivery, including a 
transdermal patch, an ointment, an iontophoretic patch or 
device, and the like. Other preferred methods for transder 
mal administration include a bioadhesive to retain the agent 
on or in the skin; a spray, paint, cosmetic, or sWab applied 
to the skin; or the like. 

[0076] These lists of carriers and additives is by no means 
complete and a Worker skilled in the art can choose excipi 
ents from the GRAS (generally regarded as safe) list of 
chemicals alloWed in the pharmaceutical preparations and 
those that are currently alloWed in topical and parenteral 
formulations. 

[0077] For the purposes of this invention, the pharmaceu 
tical composition including suitable compound can be for 
mulated in a unit dosage and in a form such as a solution, 
suspension, or emulsion. The agent may be administered to 
the nasal cavity as a poWder, a granule, a solution, a cream, 
a spray (e.g., an aerosol), a gel, an ointment, an infusion, an 
injection, a drop, or sustained release composition, such as 
a polymer disk. For buccal administration, the compositions 
can take the form of tablets or loZenges formulated in a 
conventional manner. For administration to the eye or other 
external tissues, e.g., mouth and skin, the compositions can 
be applied to the infected part of the body of the patient as 
a topical ointment or cream. The compounds can be pre 
sented in an ointment, for instance With a Water-soluble 
ointment base, or in a cream, for instance With an oil in Water 
cream base. For conjunctival applications, the compound 
can be administered in biodegradable or non-degradable 
ocular inserts. The drug may be released by matrix erosion 
or passively through a pore as in ethylene-vinylacetate 
polymer inserts. For other mucosal administrations such as 
sublingual, poWder discs may be placed under the tongue 
and active delivery systems may for in situ by sloW hydra 
tion as in the formulation of liposomes from dried lipid 
mixtures or pro-liposomes. 
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[0078] Other preferred forms of compositions for admin 
istration include a suspension of a particulate, such as an 
emulsion, a liposome, an insert that releases the agent 
sloWly, and the like. The poWder or granular forms of the 
pharmaceutical composition may be combined With a solu 
tion and With a diluting, dispersing or surface active agent. 
Additional preferred compositions for administration 
include a bioadhesive to retain the agent at the site of 
administration; a spray, paint, or sWab applied to the mucosa 
or epithelium; a sloW dissolving pill or loZenge, or the like. 
The composition can also be in the form of lyophiliZed 
poWder, Which can be converted into solution, suspension, 
or emulsion before administration. The pharmaceutical com 
position having agent is preferably steriliZed by membrane 
?ltration and is stored in unit-dose or multi-dose containers 
such as sealed vials or ampoules. 

[0079] The method for formulating a pharmaceutical com 
position is generally knoWn in the art. Athorough discussion 
of formulation and selection of pharmaceutically acceptable 
carriers, stabiliZers, and osomolytes can be found in Rem 
ington’s Pharmaceutical Sciences (18th ed.; Mack Publish 
ing Company, Eaton, Pa., 1990), herein incorporated by 
reference. 

[0080] Asuitable compound for the method of the present 
invention can also be formulated in a sustained-release form 
to prolong the presence of the pharmaceutically active agent 
in the treated mammal, generally for longer than one day. 
Many methods of preparation of a sustained-release formu 
lation are knoWn in the art and are disclosed in Remington ’s 
Pharmaceutical Sciences (18th ed.; Mack Publishing Com 
pany, Eaton, Pa., 1990), herein incorporated by reference. 

[0081] Generally, the agent can be entrapped in semiper 
meable matrices of solid hydrophobic polymers. The matri 
ces can be shaped into ?lms or microcapsules. Examples of 
such matrices include, but are not limited to, polyesters, 
copolymers of L-glutamic acid and gamma ethyl-L 
glutamate (Sidman et al. (1983) Biopolymers 22: 547-556), 
polylactides (US. Pat. No. 3,773,919 and EP 58,481), 
polylactate polyglycolate (PLGA) such as polylactide-co 
glycolide (see, for example, US. Pat. Nos. 4,767,628 and 
5,654,008), hydrogels (see, for example, Langer et al. (1981) 
J. Biomed. Mater. Res. 15: 167-277; Langer (1982) Chem. 
Tech. 12: 98-105), non-degradable ethylene-vinyl acetate 
(e.g. ethylene vinyl acetate disks and poly(ethylene-co-vinyl 
acetate)), degradable lactic acid-glycolic acid copolymers 
such as the Lupron Depot, poly-D-(—)-3-hydroxybutyric 
acid (EP 133,988), hyaluronic acid gels (see, for example, 
US. Pat. No. 4,636,524), alginic acid suspensions, and the 
like. 

[0082] Suitable microcapsules can also include 
hydroxymethylcellulose or gelatin-microcapsules and poly 
methyl methacrylate microcapsules prepared by coacerva 
tion techniques or by interfacial polymeriZation. See the 
copending application entitled “Method for Producing Sus 
tained-release Formulations,” US. patent application Ser. 
No. 09/187,780, ?led Nov. 6, 1998, Wherein a agent is 
encapsulated in PLGA microspheres, herein incorporated by 
reference. In addition, microemulsions or colloidal drug 
delivery systems such as liposomes and albumin micro 
spheres, may also be used. See Remington ’s Pharmaceutical 
Sciences (18th ed.; Mack Publishing Company Co., Eaton, 
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Pa., 1990). Other preferred sustained release compositions 
employ a bioadhesive to retain the agent at the site of 
administration. 

[0083] Administering the Compound 

[0084] A suitable compound of the method of the present 
invention is typically administered in a dose sufficient to 
provide a therapeutically effective level. Levels of ERP57 
can be determined via the methods given above in the 
section “Detecting ERP57 Levels.” 

[0085] The dose of the compound can be determined by 
correlating the amount administered to the resulting increase 
in the desired chaperone protein, such as ERP57, a decrease 
in the susceptibility to AlZheimer’s disease, a decrease in the 
[3-amyloid plaque formation, or a decrease in the amount of 
free [3-amyloid, as enumerated above. The dose of the 
compound can be 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 250, 
500, 1000, 2000, or 3,000 mg/kg/day. 

[0086] It is recogniZed that the total amount of the com 
pound administered as a unit dose to a particular tissue Will 
depend upon the type of pharmaceutical composition being 
administered, that is Whether the composition is in the form 
of, for example, a solution, a suspension, an emulsion, or a 
sustained-release formulation. For example, Where the phar 
maceutical composition including a therapeutically effective 
amount of a suitable compound is a sustained-release for 
mulation, the compound is administered at a higher concen 
tration. 

[0087] It should be apparent to a person skilled in the art 
that variations may be acceptable With respect to the thera 
peutically effective dose and frequency of the administration 
of a suitable compound in this embodiment of the invention. 
The amount of the suitable compound administered Will be 
inversely correlated With the frequency of administration. 
Hence, an increase in the concentration of the suitable 
compound in a single administered dose, or an increase in 
the mean residence time in the case of a sustained release 
form of the compound, generally Will be coupled With a 
decrease in the frequency of administration. 

[0088] It is appreciated by those of skill in the art that the 
actual dose of a suitable compound Will depend on a variety 
of factors that may be speci?c to the subject undergoing 
dosing. These factors should be taken into consideration 
When determining the therapeutically effective dose of the 
compound and frequency of its administration. For example, 
the effective dose can depend on the species, age, Weight, or 
general health of the subject; the severity of the disease or 
disorder; the siZe and location of the portion of the brain in 
Which an effective amount of compound must be achieved; 
the frequency and duration of dosing; the type of formula 
tion administered; the characteristics, such as lipophilicity, 
of the compound and composition; the nature of the agent 
and its receptors, if any; and the like. Generally, a higher 
dosage is preferred if the disease or disorder is more severe. 

[0089] Some minor degree of experimentation may be 
required to determine the most effective dose and frequency 
of dose administration, this being Well Within the capability 
of one skilled in the art once apprised of the present 
disclosure. 
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[0090] 

[0091] In another embodiment of the invention, the phar 
maceutical composition including the therapeutically effec 
tive dose of the compound is administered intermittently. By 
“intermittent administration” is intended administration of a 
therapeutically effective dose of the composition, folloWed 
by a time period of discontinuance, Which is then folloWed 
by another administration of a therapeutically effective dose, 
and so forth. Administration of the therapeutically effective 
dose may be achieved in a continuous manner, as for 
example With a sustained-release formulation, or it may be 
achieved according to a desired daily dosage regimen, as for 
example With one, tWo, three or more administrations per 
day. By “time period of discontinuance” is intended a 
discontinuing of the continuous sustained-released or daily 
administration of the composition. The time period of dis 
continuance may be longer or shorter than the period of 
continuous sustained-release or daily administration. During 
the time period of discontinuance, the compound level in the 
relevant tissue is substantially beloW the maximum level 
obtained during the treatment. The preferred length of the 
discontinuance period depends on the concentration of the 
effective dose and the form of the composition used. The 
discontinuance period can be at least 2 days, preferably is at 
least 4 days, more preferably is at least 1 Week and generally 
does not exceed a period of 4 Weeks. When a sustained 
release formulation is used, the discontinuance period must 
be extended to account for the greater residence time of the 
composition at the site of injury. Alternatively, the frequency 
of administration of the effective dose of the sustained 
release formulation can be decreased accordingly. An inter 
mittent schedule of administration of the composition can 
continue until the desired therapeutic effect, and ultimately 
treatment of the disease or disorder, is achieved. 

[0092] In yet another embodiment, intermittent adminis 
tration of the therapeutically effective dose of the composi 
tion is cyclic. By “cyclic” is intended intermittent adminis 
tration accompanied by breaks in the administration, With 
cycles ranging from about 1 month to about 2, 3, 4, 5, or 6 
months, more preferably about 3 months to about 6 months. 
For example, the administration schedule might be intermit 
tent administration of the effective dose of the composition, 
Wherein a single short-term dose is given once per Week for 
4 Weeks, folloWed by a break in intermittent administration 
for a period of 3 months, folloWed by intermittent admin 
istration by administration of a single short-term dose given 
once per Week for 4 Weeks, folloWed by a break in inter 
mittent administration for a period of 3 months, and so forth. 
As another example, a single short-term dose may be given 
once per Week for 2 Weeks, folloWed by a break in inter 
mittent administration for a period of 1 month, folloWed by 
a single short-term dose given once per Week for 2 Weeks, 
folloWed by a break in intermittent administration for a 
period of 1 month, and so forth. A cyclic intermittent 
schedule of administration of agent to subject may continue 
until the desired therapeutic effect, and ultimately treatment 
of the disorder or disease, is achieved. 

Intermittent Dosing 

[0093] The present invention may be better understood 
With reference to the folloWing examples. These examples 
are intended to be representative of speci?c embodiments of 
the invention, and are not intended as limiting the scope of 
the invention. 
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EXAMPLES 

Example 1 

Effect of Methoxychlor on ERP57 Concentration in 
Rat Livers 

[0094] The purpose of this experiment Was to determine 
the effect of administering varying levels of methoxychlor 
for 14 days on the levels of the microsomal protein ERP57 
in mammalian tissues. 

[0095] Materials and Methods 

[0096] Methoxychlor, potassium chloride, and Tris Were 
purchased from Sigma Chemicals (St. Louis, M0). The 
BCA (Bicinchoninic Acid) Assay kits Were purchased from 
Pierce Chemical Company (Rockford, Ill.). Agarose Was 
purchased from Boehringer Mannheim (Indianapolis, Ind.). 
Polyclonal antibodies to the ERP57 Were developed in 
laying hens as previously described (Srivastava et al. 1991, 
J. Biol. Chem. 266: 20337-20344; Chen et al. 1996, Bio 
chemistry 25: 8299-8306). 
[0097] The animals used in these studies Were 150-200 g 
fed, male, CD rats from Harlan Laboratories. They received 
either methoxychlor in corn oil or the vehicle alone (0.8 ml) 
by gavage. The animals Were euthaniZed With C02 and their 
livers Were removed, Weighed and minced in cold KCl-Tris 
(150 mM-50 nmM; pH 7.2). The individual livers Were 
separately homogeniZed in KCl-Tris (4 ml/g liver) and the 
homogenates Were centrifuged for 20 minutes at 10,000><g. 
The supernatants Were centrifuged for 1 hour at 100,000><g. 
The pellets Were Washed and resuspended in KCl-Tris and 
recentrifuged for 1 hour at 100,000><g. The ?nal microsomal 
pellets Were suspended in KCl-Tris (0.5 ml/g liver). The 
microsomal suspensions Were aliquoted and stored at —80° 
C. until analyZed. 

[0098] The concentrations of total microsomal protein 
Were then determined via the BCA assay. Statistical signi? 
cance Was estimated by the Student t-test. A tWo tailed 
p-value of less than 0.05 Was taken as signi?cant. 

[0099] The concentration of ERP57 in the samples Was 
determined With immunoelectrophoresis. Protein sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis 
Was performed by the method of Laemmli (Laemmli 1970, 
Nature 227: 680-685) With a 3% stacking gel and a 12% 
running gel. The proteins Were transferred from the gel to 
PVDF membranes in CAPS buffer as described in ToWbin et 
al. (ToWbin et al. 1978, Proc. Natl. Acad. Sci. 76: 4350 
4354). The membranes Were treated With antibody folloWed 
by either goat anti-chicken Igy or anti-rabbit Igg conjugated 
to alkaline phosphatase as appropriate. 

[0100] The indicator dye Was a combination of nitroblue 
tetraZolium and 5-bromo-4-chloro-3-indoyl phosphate from 
Bio Rad (Richmond, Calif.). The membranes Were lami 
nated betWeen cellulose sheets. The densities of the stained 
bands Were determined on a ?at bed scanner from UMAX 

(TaiWan, China). The scans Were analyZed using NIH Image 
(version 1.54) on a PoWerPC (Apple Computer). The blank 
for each band Was determined from the adjacent, unreacted 
area in the lane. In control studies, it Was found that the 
immunoassays Were linear With respect to the concentrations 
of the respective proteins and that the band intensities Were 
stable inde?nitely after the membranes had been laminated. 
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[0101] Results 

[0102] FIG. 1 shoWs the effect of methoxychlor admin 
istration on the levels of ERP57 in the rat liver. The 
concentration of ERP57 Was normaliZed by the total 
microsomal concentration of protein in the liver sample. As 
seen there, the relative concentration of ERP57 exhibits a 
signi?cant increase at the higher dosages, 10, 50, and 100 
mg/kg/day. 

[0103] Discussion 

[0104] The results shoW that administration of methoxy 
chlor to a subject increases the concentration of ERP57. 
Because of its association With AlZheimer’s disease, an 
increase of ERP57 concentration could be utiliZed in a 
method of treating, or preventing AlZheimer’s disease. Com 
pounds that are related to methoxychlor could also be 
utiliZed to effectuate the same response in ERP57 concen 
trations. 

[0105] It should be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a,”“an,” and 
“the” include plural referents unless the content clearly 
dictates otherWise. Thus, for example, reference to a com 
position containing “a compound” includes a mixture of tWo 
or more compounds. It should also be noted that the term 
“or” is generally employed in its sense including “and/or” 
unless the content clearly dictates otherWise. 

[0106] All publications and patent applications in this 
speci?cation are indicative of the level of ordinary skill in 
the art to Which this invention pertains. 

[0107] The invention has been described With reference to 
various speci?c and preferred embodiments and techniques. 
HoWever, it should be understood that many variations and 
modi?cations may be made While remaining Within the spirit 
and scope of the invention. 

I claim: 

1. A method of modulating a level of a chaperone protein 
comprising administering to a patient a compound of the 
formula I; 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroxy, alkyl, hydroxyalkyl, cycloalkyl, alkoxy, 
cycloalkoxy, carboxyalkyl, acyl, acyloxyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloxy, aryl, —OSO2R5 
(Where R5 is an alkyl, cycloalkyl or aryl group), 
halogen, or haloalkyl. 

2. The method of claim 1, Wherein R1 is halogen or 
haloalkyl; and R2 and R3 are independently hydrogen, alkyl, 
halogen, haloalkyl, or alkoxy. 

3. The method of claim 1, Wherein R1 is trichloromethyl; 
and R2 and R3 are methoxy. 
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4. A method of modulating a level of a chaperone protein 
comprising administering to a patient a compound of the 
formula II; 

cc13 

<11) 

5. The method of claim 1, Wherein the chaperone protein 
is one or more of BiP, calreticulin, calneXin, ERp72, ERP57, 
or ERpSS. 

6. The method of claim 5, Wherein the chaperone protein 
is ERP57. 

7. The method of claim 1, comprising increasing the level 
of the chaperone protein. 

8. The method of claim 7, comprising increasing the level 
of the chaperone protein to Within 40% of the level found in 
a control population. 

9. The method of claim 7, comprising increasing the level 
of the chaperone protein to Within 20% of the level found in 
a control population. 

10. The method of claim 7, comprising increasing the 
level of the chaperone protein to Within 10% of the level 
found in a control population. 

11. The method of claim 6, comprising increasing the 
level of ERP57 to Within 40% of 27 ng/ml. 

12. The method of claim 6, comprising increasing the 
level of ERP57 to Within 20% of 27 ng/ml. 

13. The method of claim 6, comprising increasing the 
level of ERP57 to Within 10% of 27 ng/ml. 

14. The method of claim 1, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 3000 mg/kg/day. 

15. The method of claim 1, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 500 mg/kg/day. 

16. The method of claim 1, Wherein the compound is 
administered at a dosage in the range from about 10 mg/kg/ 
day to about 100 mg/kg/day. 

17. Amethod of modulating a level of ERP57 comprising 
administering to the patient a compound of the formula I 

R1 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroXy, alkyl, hydroXyalkyl, cycloalkyl, alkoXy, 
cycloalkoXy, carboXyalkyl, acyl, acyloXyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloXy, aryl, —OSO2R5 
(Where R5 is an alkyl, cycloalkyl or aryl group), halo 
gen, or haloalkyl. 

18. The method of claim 17, Wherein R1 is halogen or 
haloalkyl; and R2 and R3 are independently hydrogen, alkyl, 
halogen, haloalkyl, or alkoXy. 

19. The method of claim 17, Wherein R1 is trichloroethyl 
and R2 and R3 are methoXy. 
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20. Amethod of modulating a level of ERP57 comprising 
administering to a patient a compound of the formula II; 

cc13 

(II) 

21. The method of claim 17, comprising increasing a level 
of ERP57. 

22. The method of claim 21, comprising increasing a level 
of ERP57 to Within 40% of the level found in a control 
population. 

23. The method of claim 21, comprising increasing a level 
of ERP57 to Within 20% of the level found in a control 
population. 

24. The method of claim 21, comprising increasing a level 
of ERP57 to Within 10% of the level found in a control 
population. 

25. The method of claim 21, comprising increasing a level 
of ERP57 to Within 40% of 27 ng/ml. 

26. The method of claim 21, comprising increasing a level 
of ERP57 to Within 20% of 27 ng/ml. 

27. The method of claim 21, comprising increasing a level 
of ERP57 to Within 10% of 27 ng/ml. 

28. The method of claim 17, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 3000 mg/kg/day. 

29. The method of claim 17, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 500 mg/kg/day. 

30. The method of claim 17, Wherein the compound is 
administered at a dosage in the range from about 10 mg/kg/ 
day to about 100 mg/kg/day. 

31. A method of alleviating a symptom of a disorder 
associated With decreased levels of chaperone proteins com 
prising administering to a patient a compound of the formula 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroXy, alkyl, hydroXyalkyl, cycloalkyl, alkoXy, 
cycloalkoXy, carboXyalkyl, acyl, acyloXyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloXy, aryl, —OSO2R5 
(Where R5 is an alkyl, cycloalkyl or aryl group), halo 
gen, or haloalkyl. 

32. The method of claim 31, Wherein the disorder is 
AlZheimer’s disease. 

33. The method of claim 32, Wherein R1 is halogen or 
haloalkyl; and R2 and R3 are independently hydrogen, alkyl, 
halogen, haloalkyl, or alkoXy. 

34. The method of claim 32, Wherein R1 is trichlorom 
ethyl and R2 and R3 are methoXy. 
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35. A method of alleviating a symptom of AlZheimer’s 
disease comprising administering to a patient a compound of 
the formula II; 

cc13 

(II) 

36. The method of claim 32, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 3000 mg/kg/day. 

37. The method of claim 32, Wherein the compound is 
administered at a dosage in the range from about 0.1 
mg/kg/day to about 500 mg/kg/day. 

38. The method of claim 32, Wherein the compound is 
administered at a dosage in the range from about 10 mg/kg/ 
day to about 100 mg/kg/day. 

39. A pharmaceutical composition comprising: 

a compound of formula I 

R1 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroXy, alkyl, hydroXyalkyl, cycloalkyl, alkoXy, 
cycloalkoXy, carboXyalkyl, acyl, acyloXyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloXy, aryl, —OSO2R5 
(Where R5 is an alkyl, cycloalkyl or aryl group), halo 
gen, or haloalkyl; and 

a pharmaceutically acceptable carrier. 

40. The pharmaceutical composition of claim 39, Wherein 
R1 is halogen or haloalkyl; and R2 and R3 are independently 
hydrogen, alkyl, halogen, haloalkyl, or alkoXy. 

41. A pharmaceutical composition comprising a com 
pound of formula 

CHQQiiIHAQiOCPB; 
cc13 

(II) 

and a pharmaceutically acceptable carrier. 
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42. The use of a compound of formula I; 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroXy, alkyl, hydroXyalkyl, cycloalkyl, alkoXy, 
cycloalkoXy, carboXyalkyl, acyl, acyloXyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloXy, aryl, —OSO2R5 
(Where R5 is an alkyl, cycloalkyl or aryl group), halo 
gen, or haloalkyl; 

in the manufacture of a medicament for the modulation of 
a level of a chaperone protein. 

43. The use of a compound of formula I; 

(I) 

wherein R1, R2, and R3 are independently hydrogen, 
hydroXy, alkyl, hydroXyalkyl, cycloalkyl, alkoXy, 
cycloalkoXy, carboXyalkyl, acyl, acyloXyalkyl, 
—C(O)OH, —C(O)O—R4 (Where R4 is an alkyl, 
cycloalkyl or aryl group), acyloXy, aryl, —OSO2R 
(Where R5 is an alkyl, cycloalkyl or aryl group), halo 
gen, or haloalkyl; 

in the manufacture of a medicament for the alleviation of 
a symptom of AlZheimer’s disease. 

44. The use of a compound of formula II; 

cc13 

(II) 

in the manufacture of a medicament for the alleviation of a 
symptom of AlZheimer’s disease. 

45. The use of a compound of formula II; 

ccl3 

<11) 

in the manufacture of a medicament for the treatment of 
AlZheimer’s disease. 


